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Predicting step time from
step length and velocity
This study was designed to investigate the
reJationsh ipbetween step time and step length
in ahealthy population of young adults. The
sample was composed of 10 females and 10
males with ages ranging from 19 to 25 years.
The subjects ·walked along a resistive grid
walkway at an audio-controlled cadence of 80
steps per minute. These trials consisted of two
walks with asymmetrical step lengths (2/4 time),
two walks with asymmetrical step times (3/4
time) and twain which the only constraint was
the cadence. The results indicate that the values
ofaverageveJocity and average step length can
be used to calculate step time with·reasonable
accuracy ina symmetrical walking pattern, but
not under conditions of induced step length or
step time asymmetries. It is suggested that
stride frequency rather than cadence be used,
particularlywhen measurements are made from
patients with asymmetrical walking patterns.
[SJ Singleton, SE Keating, SL McDowell, SA
Coolen and JC Wall: Predicting steJJ time from
step length and velocity: Australian Journal of
Physiatherapy38: 43-46, 1992]
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hen-a physiotherapist assesses a
patient with a unilateral
condition, such as hemiplegia
or pain in one of the lower limbs, the
asymmetry of the walking pattern may
well be the most noticeable deviation
observed" One oEthe goals of
rehabilitation in such a case may be the
reduction of this asymmetry. In
looking at asymmetry consideration of
any of the gait parameters egangular
excursions ofthe joints, forces under
the feet, or any other of the myriad of
measurements that can be made, may
be appropriate. Several researchers
have suggested that differences in step
length and step time are perhaps the
most satisfactory indicators of gait
asymmetry (Inman et al 1981,Ohmichi
and Miyashita 1979) indeed,the
degree ofasymmetry in these
parameters has been used to quantify
gait pathology (Wall and Ashburn
1979).
There are a number ofways in which
these ·temporalldistance gait
parameters can be measured either
independently or simultaneously
(Durie and Farley 1980, Gifford and
Hutton 1980), however, these methods
usually involve the use of complex and
expensive systems. If consideration is
given to how these parameters can be
measured in the clinic then it is
appropriate to look to the use of less
costly and relatively simple techniques.
Step length, Jorexample, has been
estimated by determining where on a
grid, painted on the floor, the feet
make· contaetwith the ground
(Robinson and Smidt 1981) and can
be simply measured by attaching felt
tip pens to the shoes which mark the
positions of contact on the floor as the
subject walks (Cerny 1983) More
recently it has been shown that step
lengths as well as step widths can he
simply and reliably measured from a
video recording (Gaudetet al 1990).
Step time can also be a useful
measure of asymmetry particularly in
unilateral conditions such as stroke,
lower limb amputation or pain. Stride
time in a normal subject walking at a
self-selected walking speed is
approximately one second, each step
therefore lasting approximately 0.5s.
Because oftheir short duration, step
times are 'lot readily measured using a
stopwatch, although it is possible to
measure stride time relatively
accurately in this way. Since step time
is difficult to measure in clinical
practice it has been calculated from
step length using the equation V=DIT
(whereV=average velocity oEthe
whole body, D = step length, andT=
step time) (Holden et al 1984). A
variation on this technique has b.een
used by Olsson (1991) in which mean
step length is calculated by dividing the
walking speed with step frequency. In
a normal subject, where the walking
pattern is symmetrical (Chatinier and
RozendaI1970), either method would
appear reasonable. ·However, in an
asymmetrical walking pattern this
relationship may not hold due to the
variance in instantaneous velocities in
the gait cycle (Tibarewala and Ganguli
1983). Calculating step time from step
length maybe invalid since it relies on
the use of the mean velocity at which
the subject walks, unless the changes in
step length and step time are
proportional so that the ratio of these
two remains equal to· the mean
velocity. Although empirically this is
correct, it is perhaps not so obvious to
the clinician who has to assess patients
with unequal step lengths that may be
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0.049 .. ·O·.()92
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provide when recording the tape used
in this study. The stride times for the
step length asymmetry and step time
asymmetry conditions were 1.465 and
1.42s respectively. These differences
in .velocity would affect .the cadence by
less than one step per minute. The
left step time for the symmetrical walk
was 49.3 percent of stride time,
however for the step length asymmetry
pattern it was 46.6 percent ofstride
time demonstrating that even though
the step times were controlled to be
symmetrical they were not. This
probably reflects some degree of
difficulty of walking with an unfamiliar
gait pattern in a regulated manner.
However, the aetualleft step time is
much closer to 50 percent, the value
for perfect symmetry,thanthe
predicted value of 31 per cent of stride.
This predicted value results from the
fact that step length on the left was
approximately one third ofstride
length.
In the condition in which. step time
asymmetry was simulated the actual
left step time was 42 per cent of stride
time, close to the target of 40 per cent.
Since the step lengths were the same
for right and left the method of
calculating step time' from velocity and
step length should result in step
lengths of 50 percent ofstride time.
As can be seen from Table 1 the
0.716
0.026
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0,.041
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0.038
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,Left Right:
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X
,SD
X
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X
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Symmetrical
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Step Time
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Results
All 20 subjects were treated as one
groupw Table 1 presents the means and
standard deviations for left and right
actual and predicted step times for
each trial condition. As can be seen
from this chart the stride time for the
symmetrical walk was 1.45s. This is a
little shorter than the target of 1.5s
that the drummer was instructed to
right toe, as shown in Figure 2b,
thereby providing symmetrical step
times but asymmetrical step lengths.
Finally, two traverses were made"with
symmetrical step lengths but in which
asymmetrical step times were induced.
Subjects were instructed to take a
normal right step and a' quick1eft step,
maintaining equal step lengths (Figure
2a). The step time ·differential was
a~hieved using an audio recording of a
drumbeat with the same cadence of.SO
steps per minute hut in .2/3 time.
Using this rhythm stride time
,remained at approximately 1.5s but left
step time was reduced to 40 per cent of
stride while right step time was 60 per
cent of stride, as shown in Figure lb.
Subjects were given practice time to
familiarise themselves with the induced
asymmetries before data were
collected. Data was analysed using t-
tests with significance being set at the
0.01 leveL
Method
The subjects of this investigation
consisted of 20 volunteers having no
pathology affecting gait; the exclusion
criteriauseclwere described by
Schwartz et al (1964). Subjects
participated with informed consent.
The sample population included 10
males with a mean age of 22 years (±
2.11years) and a mean height of 178.1
cm.(± 4.84cm). The remaining ten
subjects were females with a mean age
of 21.5 years (± 1.18years) and a mean
height of 167.8 cm (±4.52cm).
A resistive grid walkway (Crouse et al
1987) was used to measure the
temporal and distance parameters of
gait. The system provided calculation
of actual and.predicted step time data
from average' velocity and mean step
length values. Subjects made two
traverses ofthe walkway at an audio-
controlled cadence of approximately 80
steps per minute using a tape recorded
drumbeat. Since the drumbeat was not
electronically controlled· only
approximate values are given in this
section, the actual step and stride times
are given in the results section. Suffice
to say, the taped drumbeat was regular
and that all subjects walked to the same
tape. The subjects were instructed to
walk so that successive heel-strikes
coincided with the drumbeat. The 2/4
time of the drumbeat was designed to
ensure that the left and right steps
were equal with respect to time, ie
symmetrical step times each of
approximate duration o.75s, giving a
stride time of about 1.5s (Figure 1a).
Using the same recording, subjects
were instructed to walk at the same
step frequency, to take a normal right
step and then to move their left foot
ahead so that the left heel made
contact at a point in line with their
from Page 43
due to a variety of causes. In such
cases care must be taken not to fall into
the trap of calculating step time from
velocity and step length. The purpose
of this paper is toclemonstrate this
problem in a practical manner by
simulating a number of gait
asymmetries commonly seen in the
clinic.
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normally associated with the set
cadence.
VVhen the subjects walked without an
induced asyrnmetry, no differences
were found between actual and
predicted step times. The results of
the trials with an induced step length
asymmetry showed that there was also
a slight step time asymmetry. This
indicates that the subjects had some
difficulty maintaining the COl1trolled
cadence when they were asked to
shorten the step length on one side~
Ho,vever, this was not sufficient to
mask the significant difference found
between actual and predicted left and
right step times. Predicted step times
were 31.6 percent and 68.4 percent
ofstride time for the left and right step
respectively. This is perhaps not
surprising given that the actual left and
right step lengths were one-third and
two-thirds ofstride length respectively.
In the asymmetry where step times
were unequal,there were again
significant differences between actual
and predicted step times. This
resulted from the fact that the step
lengths·were the same for each side,
which would result in a predicted step
time of SOper cent ofstride time when
the formula was applied, hut the
simulated gait pattern had an .actual
left step time of only 42 per cent of
stride time.
The results from this study indicate
that average velocity and step length
cannot be used to calculate step time in
asyrnmetricalgait patterns. An
interesting issue arises from the results
from this study which is the need for
care when using cadence (steps/min) as
a measure of frequency~ In
asymmetrical gait patterns, as this
study has clearly demonstrated, it may
not be possible to calculate the time of
a.step given the number of steps per
minute (cadence). Under these
conditions, stride frequency would be a
more correct measure to use since
symmetry need not he assumed.
Indeed, even in the most asymmetrical
walking pattern, stride time must be
the same whether it is measured with
reference to the right or left side (Wall
et aI1987). The technique suggested
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The cadence for the induced gait
asymmetries was selected to produce a
slow walking speed typical of that
which might be adopted hy a patient
with one of these asymmetries~ Under
the condition of controlled cadence,
the walking speed for. both the
symmetrical and asymmetrical step
time conditions was approximately the
same, about O.9m/s. However, for the
condition in which the step length
asymmetry was controlled, the velocity
dropped to O.63m/s. This is not
surprising given that the subjects were
requested to reduce the step length on
the left side while maintaining a
normal right step length thereby
reducing the stride length. However,
no attempt was made to increase step
length on the right side in order to
maintain the stride length and velocity
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Figure 1.
a. The temporal phases in a normal symmetrical gait pattern.
b. The temporal phases for the inducedgaitasymmetrv in which the left and rightstep
times are unequal
HS - Heel strike
TO - Toe off
lSi - left step time
RST - Right step time
predicted values for step time were
very close to this being 48.2 and 51.8
per cent of stride time for left and right
respectively.
Significant differences were found
between these matched pairs data for
induced step length andinduced step
time asymmetries but not for the
condition where only the cadence was
controlled. These results confirm
what can be deduced mathematically,
that is that in .a walking pattern in
which the left and right step times are
equal but the step lengths are not, then
it is not possible to calculate step
length from velocity and step time.
The same is true for a patient that has
equal step lengths but unequal step
times. The results also show, however,
that when the method is used for a
normal gait pattern one can accurately
calculate step length using this
technique.
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STRIDE LENGTH
Figure 2.
a. Step lengths for a normal symmetrical walking patterna
6. A walking pattern with asymmetrical step pattern
lSI.. - left Step length
RSl- Right Step length
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The results ofthis study indicate that
average velocity and step length can be
used to predict step time in normal
symmetrical gait patterns. However,
this does not hold true for conditions
of step length or step time·asymmetries
commonly seen in the clinic. In such
conditions it is necessary to measure
both the temporal and distance
parameters independently.
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by Olsson (1991) highlights the
problem of using cadence. In her
calculation, mean step length is
obtained by dividing the walking speed
with step frequency. Although
technically correct this calculation,
when applied to an asymmetric
walking pattern, gives neither the right
nor the left step length but simply an
average of the two, thereby masking an
asymmetry which may be of clinical
importance to the therapist. This is
akin to calculating an average value for
knee range of motion ina patient with
unilateral knee arthrodesis. It can be
done, it can be replicated, it is even
technically correct but it is also
meaningless, at least from a clinical
standpoint.
Conclusion
